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INTRODUCT ION

This is the third progress report submitted on the research
and development Task IV, The report covers the preliminary

work done on the second pulse modulation system to be ine

vestigated, pulse time modulastion.

DISCUSSION

The first method of pulse modulation that hed been investigat-
ed was pulse emplitude modulation, This system was detalled
and summarized in Progress Reports No. 1 and ¥o. 2. The most
serious dissdvantage of the system was lasck of securlity,
inasmuch as any conventional A.M. Receiver tuned to the proper
frequency could receive and demodulate the signal, Other
significant disadvantsges of P.A.M. were poor signal-to~noise

ratio, and relatively poor transmitter efficiency.

The second pulse modulation system investigated was pulse time
modulation, or pulse position modulation which in a modifiead
form is pulse phase modulation. This method of modulation
involves a pulse of constant smpllitude, wherein the sudio mo-
dulating signal causes to vary the position in time of the

pulse relative to its ummodulated time of occurrence, Pulse
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time modulation has the usual advantages of pulse systems as
compared to conventional A.M. and F.M. transmitters, namely,
high pesk R. F, power and small average R.F. power. This, in
turn, offers the advantege of extended range or, if range 1s
not a serious factor, the adaptablility to ministurization of
the transmitter. The equipment designed for this apecifio
application utilizes a pulse repetition rate of 8,000 cycles
per second which 1s a cycle intervel of 125 mlcroseconds, and

a pulse width of 10 mlecroseconds. This represents s duty
cycle of 12,5, However, the pulse width could be narrowed

with a corresponding improvement of duty cycle and ratio of

peak to average R, F, power,

A system utilizingra pulse of constant amplitude involves some
inherent advantages. Firstly, any emplifier stege passing the
pulse, either modulated or unmodulated, including R.F, modulated
stages, need not be linear in design. The only requirement is
an output pulse of constant amplitude, with no mis=-shaping of
pulse rise time or decay time. Likewise, the R.F. power output

stage at the transmitter can be operated as a keyed or pulsed

stage for maxlmum peak output,
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‘Another very significanﬁ'ndvantage of constant amplitude .
pulse systems pertains tovsignal-ﬁo-aoiSe ratio.  Normally,
the noise accompanying e pulse ls found alohgvthe base line,
and riding the flat top of the pulse, This logically suggests
8 method of removing the nolse, lesving the pulse with a good
signal~to~noi&e ratio, }This is asccomplished by amplifying
the pulse and‘elipping, both the bese snd top. This leaves
the original middle section as the new pulse with none of the
original noise., Since the process cen be repeatgd, it lends
itself automgtically to a system §f relays and repeater
staticns,(forvextenéed.raﬂge."?he,obviovs limitetion fér
this sequeﬁgevwould be thsvaeterieration to a signal-to~naise
ratio of one. In this svent, it could no longer be improved.
A less obvlous limitation @fvsignalntq~noisa ratio involves
the rise time of the pulse., If this rise time interval is of
slgnificant duration, the noise will ride the rise line and .
this too, cannot be improved. |

The rise time of the pulse is of significence in other respects,
as well, The bendwidth requirement of the video amplifiers is

determined by the rise time. Thus, for & rise time of 0.5
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microseconds, a bandwidth of 1 megacycle 1s reéuiréd. In
& similar manner, the R.F. stages require a bsndwidth of

two megacyélaag

 The significance of bendwidth is‘furthﬁr}indieated in »a
Fouriaf anelysis of the pulse. For s pulse 6r 8,000 cycles
per segohd ropetition rate énd lobmierasacondg duratlion, 1t
_was found that thefe wera‘componenta,of significant emplitude,
as far es the tenth harmonic 0f the pulae repebitinn fréqnency.

Theoretically, a pulsa of 1nf1nitestma11y 8hort duration has

g flat frequeﬁcy speetrum.

There are two types ofﬂsampiiﬁg possible in s system using

pulse position modulatioﬁ.' They are uniform sampling and
natursl sempling. In the cese of uniform aampling the modulating
wave 1s assumed to be instantaneously sampled at ragular in~
tervals, and the pulses are subaequently positionwmodulated.

This cen be readily'aceomplished by converting the sample Yo a
corresponding pulse duratlon modulated sample. Fhis in'turn
becomes a pulse position modulated semple, In the caese of.

natural sampling we produce P.P.M, by making the &isplacement

of suceessive pulses from their unmodulated poslitions pro~
SECRET
Page #4

Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP78-03153A001600010003-3



Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP78-03153A001600010003-3

SECRET

‘yoftional to the»magﬁitadeélof the modulating wave st the
instants of sending the‘pdlses._ Thgt,ia, the time ofAsampling
coincides with;what can be regarded es the time of appearance
of the position-mmdulated pulse, The latter method of sampling
is the one utilized in the equipment described in this. report,
However, a system utilizing uniform sampling will be investi-

gated concurrently,

The question of sacurity in eommunication 18 particularly
pertinent te a systmn of pulse pooition moaulgtion. Inharently,
P.P.M. does offer security, inasmuch as a conventional come
munication regeiver will not convert the signal to intelligible
audio. Nevertheless, if the maximum excursion of a pulse from
its unmodulated time of oceurrence is made moderately small, a
delayed copy of the originsl signaliwith 1ittle distortion could
be obtained by simply passing the P.P.M. signal ;hrough e iaw
pags filter followed by en apprapri&te-aﬁplifier. A mathematical
analysis of a pulse positién modulated wave indicates verious’
components representing phase modulation as well as amplitude

modulation components, The proper choice of maximum pulse
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devietion will mske the smplitude coefficients negligible.

In multlplex systems the degreo of devistion is specificslly
limited to n meximum of one~half the distance betwesn the une
moduleted pulse positions of sdjisvent ehannels, less u chosen
guerd band. For our purpsse thers is no sueh restriotion, and
the devistion or excursion cpn be made wide enough to apaomplish

saourity,

TESTING snd EQUIPHENT

The following i e discussion of the equipment designed for

. the laventlgation of e pulse position moduloted systems

- Flgure 1 is & block dlogrem of a pulse position modulation
trensmitier. Thie consists of two chassis. The first wunit,
Figure 8, is the modulstor chassis, conteining e pulse generstor
operating et 8,000 cyoles per second, e modulator seotion, end
e wide bend regenerative smplifier. This unit is still undepe
going tests, and is not yet in 1is finsl form,

The second chessis in the trensmitter, Figure 3, is the R.F,
sectlcn., The first stege 18 s tuned pists tuned grid oseillstor
opersting at 55 megecycles, This frequency wes chosen baoguse
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‘

of the two megacycle bandwldth requirement for the R.F..
sectlona, At this frequency the bandwidth requirement for
the recelver can be readily attained., The oscillstor is
lightly coupled to s buffer amplifier, which in turn is
connected to the R.F. power output atage, The input to the
fourth section, or first video emplifier, is P.P.M. pulses
from the modulator chassis., This 1s fed to the second video
amplifier, which in turn feeds the modulator stage. This
latter stage passes the pulse through s pulse transformer

to the R.F. power output stage, acting as a gating or keying

device,

Figure 4, 1s & schematic diasgram of a five stage video empli-
fler terminating in a low Iimpedance cathode follower output,
The overall frequency response extends to five megacycles,

and results In s minimum of distortion or mis-shaping of the
pulse derived from the modulator chassis of the trensmitter,
This unit will be used as a coupling chassis between the R.F,,

end detector stages of t he receiver mnd the demodulator chassis.

These two units are not completed as yet.
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CONCLUSIONS end FUTURE PLANS e
A pulse position modulsted system is being'designad end tested,
The entire transmitter has been completed end is undergoing

tests., Parts of t he recelver have been completed and tested.

An snslytical eveluation of a pulse amplitude modulsted system
which has been investigsted and the P.P.M. systems, indicates
thet the P.P.H, should have the sdvantage of seeﬁrity, transe
mitter efficiency, end a cholece of graaﬁeﬁ transmitter renge

end/or ministurizetion of equipment.

It is planned to complete the design of s wide band receiver
andé demodulator, and test the pulse position modulstor on a

ayatém basis,
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